Introduction
The myriad applications of fluorinated compounds have stimulated the development of novel methods for the introduction of fluorine atom and fluorinated groups into organic molecules.
1 While strategies for trifluoromethylation have been extensively developed, 2 the methods for the preparation of other fluoroalkylated compounds are relatively underdeveloped despite their potential importance in many research fields. Bromodifluoromethylated compounds are well known as good candidates for the formation of halogen bonding 3 and important intermediates of the preparation of valuable fluorinated compounds. 4 The known methods for the preparation of these compounds were divided into indirect and direct approaches. The indirect approaches, such as bromination of gem-difluoromethylenated precursors 5 and gem-difluoroalkenes 6 as well as transformation from CF 2 Brcontaining building blocks, 7 require long synthetic sequences.
Recently, the direct approaches involving the electrophilic bromodifluoromethylating reagents have been developed by Magnier, 8a Shibata, 8b,c and Xiao. 8d Furthermore, Hu and coworkers reported a novel formal nucleophilic bromodifluoromethylation of carbonyl compounds via the bromination of in-situ generated sulfinate intermediates from the Julia-Kocienski reactions of difluoromethyl 2-pyridyl sulfone. 9a Very recently, Dilman accomplished the nucleophilic bromodifluoromethylation of aldehydes 9b and iminium ions 9c with (bromodifluoromethyl)trimethylsilane in the presence of excess of bromide ion. Besides these methods, the addition of dibromodifluoromethane (CF 2 Br 2 ) to alkenes provides a convenient access to a series of bromodifluoromethylated
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The addition of CF 2 Br 2 to alkenes.
compounds. [10] [11] [12] [13] As shown in Scheme 1, the single electron transfer (SET) from a radical initiator to CF 2 Br 2 generates CF 2 Br radical, which is added to alkenes 1 to form radical intermediate A. 13 Because the atom transfer radical addition (ATRA) for the formation of product 3 is a preferred process, 11 the selective formation of hydrobromodifluoromethylated compound 4 is particularly challenging.
To the best of our knowledge, only two reactions of the direct hydrobromodifluoromethylation of alkenes with CF 2 Br 2 appeared. Hu reported the hydrobromodifluoromethylation of electron-deficient alkenes initiated by a CrCl 3 /Fe bimetal redox system (Scheme 2a).
12a Wu and co-workers disclosed that the Zn-induced addition of CF 2 Br 2 to cyclohexene yielded the hydrobromodifluoromethylated product in low yield along with byproducts (Scheme 2b). 12b Both of these methods suffered from narrow substrate scope. Recently, visible light photoredox catalysis has emerged as an efficient and ecofriendly tool in organic synthesis 14 and has been applied in the fluoroalkylation of organic compounds. 15, 16 As part of our on-Scheme 2 Hydrobromodifluoromethylation of alkenes. 
Results and discussion
Optimization of the reaction conditions was explored using 4-phenyl-1-butene (1a) as the substrate (Table 1 ). The reaction catalyzed by fac-Ir(ppy) 3 in MeOH mainly led to the atom transfer radical addition (ATRA) product 3a (entry 1). When the reaction was performed in THF, a mixture of 3a and 4a was generated (entry 2). Various solvents, including toluene, CH 2 Cl 2 , Et 2 O, dioxane, CH 3 CN, DMF, and DMSO, were also investigated. However, no higher yield was gained by altering the solvent. Then different photocatalysts were screened (entries 3-6). Among them, Eosin Y 18 was superior to other photocatalysts, giving the desired product 4a in 54% yield (entry 6). The yield of 4a was slightly improved to 57% by increasing the amount of photocatalyst (entry 7). The GC-MS analysis of the reaction mixture indicated that the substrate 1a was only partly converted, while the 19 F NMR showed that CF 2 Br 2 was totally consumed. Consequently, compound 4a was formed in 81% yield when another portion of CF 2 Br 2 was added (entry 8). Finally, the addition of additives, including Et 3 N and KHCO 3 , led to a further improvement of the yield (entries 9 and 10). Control experiments showed that both the photocatalyst and visible light were indispensable for this transformation (entries 11 and 12).
With the optimized reaction conditions in hand (Table 1 , entry 10), we next investigated the substrate scope of this photocatalytic reaction. A variety of monosubstituted and disubstituted alkenes could be transformed into the corresponding hydrobromodifluoromethylated products in 
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Please do not adjust margins moderate to excellent yields (Table 2) . A wide range of functional groups were tolerated, including alkyl and allylic alcohols, aldehydes, ketones, carboxylic acids, esters, nitriles, amides, nitro groups, phosphie oxides, ethers, sulfones, and halides. Substrates bearing fluoro, chloro, and bromo substitutents on the arene rings were also compatible. Heterocyclic substrates, 1p and 1q, were smoothly converted into the desired products. α,ß-Unsaturated ester 1r and α,ß-unsaturated sulfone 1s exhibited moderate reactivity in this transformation. It was noteworthy that the photocatalytic protocol presented herein was also easily extended to branched terminal and internal alkenes 1t-v. However, styrenes were not suitable substrates for this transformation. Remarkably, this facile protocol allowed the direct hydrobromodifluoromethylation of natural product analogues, such as L-phenylalanine derivative 1w (Scheme 3). The complex compounds such as Vinclozalin 1x and Rotenone 1y were also examined, affording the corresponding hydrobromodifluoromethylated products 4x and 4y in moderate yields, respectively. These results showed that this photocatalytic protocol might be applicable to "late-stage hydrobromodifluoromethylation" of natural products and drugs.
The hydrobromodifluoromethylation of alkynes was also successful (Scheme 4 Scheme 6 Mechanistic investigations.
The bromodifluoromethylated compounds are important intermediates for the preparation of other fluorinated compounds. As shown in Scheme 5, compound 4a underwent several transformations to give products 8-12. Reduction of 4a with Zn/HCl in DMF yielded difluoromethylated product 8. 20 The reaction of 4a with allyltributyltin in the presence of a catalytic amount of AIBN afforded gem-difluoromethylenated product 9. 21 The gem-difluoroalkene 10 could be conveniently obtained by the elimination reaction using TBAF as the base.
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Treatment of 4a with CrCl 2 generated the nucleophilic α-fluorovinylchromium intermediate, 23 which subsequently reacted with HCl or PhCHO to give (Z)-fluoroalkene 11 and (Z)-ß-fluoroallylic alcohol 12 respectively in high stereoselectivities.
To gain insight into the reaction mechanism, a radical clock 13 was submitted to the standard reaction conditions (Scheme 6a). The cyclized bromodifluoromethylated product 14 was formed in 72% yield (2.28:1 dr). This result revealed that the CF 2 Br radical was involved in this visible light-induced hydrobromodifluoromethylation of alkenes. The byproduct 3 might be formed via two different routes from intermediate A: either by oxidation to cation B followed by nucleophilic trapping (Path B) or by propagation (Path B'). From this proposed mechanism, we can explain that why Eosin Y is selected for this transformation. Its high reduction potential ( − 1.60 V vs SCE) facilitates the generation of CF 2 Br radical and its low oxidation potential (0.72 V vs SCE) avoids the oxidation to cation B. 24 Furthermore, cation B might undergo elimination of the proton to give alkenes 3' (Path C). This process would make the reaction mixture acidic, which needs a base to neutralize the reaction system. That is why the addition of KHCO 3 benefits for this reaction.
Conclusions
In conclusion, we have developed a photocatalytic hydrobromodifluoromethylation of unactivated alkenes with CF 2 Br 2 in the presence of Eosin Y at room temperature. The mild reaction conditions allow the tolerance of a wide range of functional groups. This protocol could also be extended to alkyne substrates. Furthermore, the application of the bromodifluoromethylated products in organic synthesis has been demonstrated by the transformations of compound 4a into other fluorinated compounds.
Experimental
General information 1 H NMR (TMS as the internal standard) and 19 F NMR spectra (CFCl 3 as the outside standard and low field is positive) were recorded on a 400 MHz spectrometer. 13 C NMR was recorded on 400 MHz spectrometer. Chemical shifts (δ) are reported in ppm, and coupling constants (J) are in Hertz (Hz). The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Substrates 1a-h, 1r-v, 1x, 1y, 6a-d, and 13 were purchased from commercial sources and used as received. Substrates 1i-q 25 and 1w 26 were prepared according to literature procedures.
Unless otherwise noted, all reagents were obtained commercially and used without further purification.
General procedures for hydrobromodifluoromethylation of alkenes and alkynes
A 25 mL Schlenk flask equipped with a rubber septum and a magnetic stir bar was charged with Eosin Y (16.2 mg, 0.025 mmol, 5 mol%), substrates (0.5 mmol, 1.0 equiv.). Then a solution of CF 2 Br 2 (420 mg, 4.0 equiv., 2.0 mmol) in THF (10 mL, 2.0 mol/L) was added to the reaction flask by a syringe. The flask was sealed with 3M vinyl electrical tape, then the mixture was degassed three times by the freeze-pump-thaw procedure. The flask was placed at a distance of 2 cm from the blue LEDs (λ = 460-470 nm). 27 The mixture was stirred under nitrogen atmosphere and irradiated by blue LEDs for 5 h. After cooled in ice-water bath, then KHCO 3 (50 mg, 1.0 equiv., 0.5 mmol) and the second portion of CF 2 Br 2 (210 mg, 2.0 equiv., 1.0 mmol) in THF (5 mL, 2.0 mol/L) were added to the reaction mixture. Then the mixture was degassed and irradiated by blue LEDs for another 5 h. After the reaction was complete, the reaction mixture was concentrated under vacuum and the crude product was purified by column chromatography on silica gel to give the product. 136.0, 129.3, 128.6, 127.1, 122.7 (t, J = 303.0 Hz), 78.0, 64.5, 54.5, 43.7 (t, J = 21.5 Hz), 38.6, 28.3, 27.3, 20.6 (t, J = 3.6 Hz); 19 F NMR (376 MHz, CDCl 3 ) δ ppm -43.7 (t, J = 13.7 Hz, 2F); IR (thin film) ν 3062, 2926, 2854, 2787, 1658, 1598, 1322, 1127, 988, 761 cm Bromo-3,3-difluoropropyl)-3-(3,5-dichlorophenyl) 167.3, 167.0, 157.93, 157.90, 149.6, 147.4, 143.9, 130.10, 130.08, 122.6 (t, J = 303.5 Hz), 122.5 (t, J = 304.1 Hz), 113.42, 113.38, 112.8, 112.7, 110.4, 104.9, 104.8, 101.0, 88.1, 87.5, 72.3, 66.2, 56.3, 55.9, 46.7 (t, J = 20.8 Hz), 46.3 (t, J = 20.8 Hz), 44.6, 35.15, 35.13, 34.5, 29.8, 29.1, 15.6, 14.2; 19 F NMR (376 MHz, CDCl 3 ) δ ppm -39.3-(-43.0) (m, 2F); IR (thin film) ν 2973, 2932, 2857, 1674, 1610, 1513, 1458, 1349, 816 , 2928, 1667, 1497, 1454, 1230, 1103, 1076, 922, 746, 698 and LiI (0.1 mmol, 13.4 mg, 0.5 equiv) in DMF (1 mL) was stirred at room temperature under an argon atmosphere for 4 h. Then HCl solution (2M, 1 mL) was added and the mixture was extracted with diethyl ether (3×5 mL). The combined organic extracts were dried over anhydrous MgSO 4 and evaporated under reduced pressure. The crude product was purified by column chromatography on silica gel (hexane) to afford the desired product 11 (colorless liquid, 30.2 mg, 92 % 139.7, 128.6, 128.5, 128.3, 126.7, 125.8, 107.3 
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